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GENE TRANSFER WITH ADENOVIRUSES HAVING MODIFIED 
FIBER PROTEINS 

This application is a continuation-in-part of 
application Serial No. 08/852,924, filed May 8, 1997, the 
contents of which are herein incorporated by reference in 
their entirety. 

This invention relates to adenoviruses as used as 
gene delivery vehicles, whereby genes are transferred into 
cells. More particularly, the invention relates to the 
transfer of genes into cells by employing a- modified 
adenovirus. The adenovirus, prior to modification, is of a 
first serotype, and the adenovirus is modified such that at 
least a portion, preferably the head portion, of the fiber 
of the adenovirus of the first serotype is removed and 
replaced with at least a portion, preferably the head 
portion, of the fiber of an adenovirus of a second 
serotype. 

This invention also relates to gene delivery or gene 
transfer vehicles other than adenoviruses, which have been 
modified to include at least a portion, preferably the head 
portion, of the fiber of an adenovirus of a desired 
serotype, whereby the gene delivery or gene transfer 
vehicle will bind to a receptor for the portion of the 
fiber, preferably the head portion, of the adenovirus of 
the desired serotype. Such gene delivery or gene transfer 
vehicles may be viruses, such as, for example, 
retroviruses, adeno-associated virus, and Herpes viruses, 
which have a viral surface protein which has been modified 
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to include .t i..st , portion of the fiber. pr.fr.My th. 
^ Porrion. or th. „h.r - - — - *« - ' 
..rotvne. hltern.tiv.ly, the 9«» «*W ot 5e " e 

-» * • " on - ,,irai «"• deuvery ° r rt 

„ »nni=l.. nncn .s . PU-U. to which U ho™ I* 

-".in th. prot^ipn^ ^T^^US of ' 
the head portion, of the fiber of an 

""ZZTZL. r»rth.r r.l.t., to " £ 

3 -otyP. ^ /to" h. S \r "n." r o 

r^inT^^^ 

n vTch ^ capable of delivering a polynucleotide 
construct which is capan transfer 
rrmA or RNA) sequence to a ceil. OUUJ * • 
(una or w»j •» n-it-pd to. viruses, such as 

^vntnetic vims..- «) -synthetic wettr." « hich i i ° e1 "* * 
Xocuotid. which i, ended within ..r«o,.»ic P<ay~r 
Cr. or Within » inn.r fu,.^nic poly»r Lyer »d ~ 
outer hydrophilic polymer layer. 

The term -polynucleotide- as used herein means a 
pol JSe form of nucleotide of any length, and includes 
fiLTn eotides and deoxyribonucleotides . Such ter, also 
ndudes single- and double-stranded «*. ^Tj^ 
includes modified polynucleotides such as methylated or 
capped polynucleotides. 

Rftt*.KGROUND OF THE INVENTION 
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Adenovirus genomes are linear, double- stranded DNA 
molecules about 36 kilobase pairs long. Each extremity of 
the viral genome has a short sequence known as the inverted 
terminal repeat (or ITR), which is necessary for viral 
replication. The well-characterized molecular genetics of 
adenovirus render it an advantageous vector for gene 
transfer. The knowledge of the genetic organization of 
adenoviruses allows substitution of large fragments of 
viral DNA with foreign sequences. In addition/ recombinant 
adenoviruses are stable structurally, and no rearranged 
viruses are observed after extensive amplification. 

Adenoviruses may be employed as delivery vehicles for 
introducing desired genes into eukaryotic cells. The 
adenovirus delivers such genes to eukaryotic cells by 
binding cellular receptors. The adenovirus fiber protein 
is responsible for such attachment. (Philipson, et al., 
Virol^, Vol. 2, pgs. 1064-1075 (1968) >. The fiber protein 
includes a tail portion, a shaft portion, and a globular 
head portion which contains the putative receptor binding 
region. The fiber spike is a homotrimer, and there are 12 
spikes per virion. 

In susceptible cells, the adenoviral cellular entry 
pathway is an efficient process which involves two separate 
cell surface events (Wickham, et al., Cell , Vol. 73, pgs, 
309-319 (1993)). First, a high affinity interaction 
between the adenoviral capsid fiber protein and an 
unidentified cell surface receptor mediates the attachment 
of the adenoviral particle to the cell surface. A 
subsequent association of the penton with the cell surface 
integrins, a v03 and a vp5 which act as co-receptors, 
potentiate virus internalization (Wickham, 1993) . 
Competition binding experiments using intact adenoviral 
particles and expressed fiber proteins have provided 
evidence for the existence of at least two distinct 
adenoviral fiber receptors which interact with the subgenus 
B (Adenovirus 3) and subgenus C (Adenovirus 5) adenoviruses 
(Defer, et al., J. Virol. , Vol. 64, 3661-3673 (1990); 
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Mathias, et a!., fcjmfc. vol. «^- M M ^; 
Stevenson, et al., J. vir°k> vol. 69, pgs. 2850 2857 
(1995))- Although Adenovirus 5 and Adenovirus 3 utiU*e 
diff erent fiber binding receptors, * ~ 
entry of both serotypes into cells (Mathias, 1994, . Thi . 
suggests that the binding and entry steps are unlinked 
events and that fiber attaint to various , c. jll « - 
.nolecules .nay permit productive entry. It xs likely that 
additional receptors exist for other adenovxral serotypes 
although this remains to be demonstrated. 

Adenoviral vectors derived from the human Subgenus C 
Adenovirus 5 serotype are efficient gene delivery vehicles 
1ST readily transduce many nondividing cells, 
^viruses infect a broad range of cells and tissues 
including lung, liver, endothelium, and muscle (Trapnel ; 

et al, ^icn Biotech, , Vol. 5, pgs. 617-625 

U994* High titer stocks of purified adenoviral vectors 
can b 'prepared which makes the vector suitable for in vivo 
Ration. Various routes of in vivo 
h ave been investigated including _ 



have been mves-,— ---^ icm for gene 

liver transduction and intratracheal inst 
t ansfer to the lung. As the adenoviral vector system i 
.nore widely applied, it is becoming apparent that some cell 
types may be refractory to recombinant adenoviral 



types mojr ~ w 

infection. Both the fiber binding receptor and «v p 3 or 
0 v p 5 integrins are important for high efficiency infection 
of target cells. Efficient transduction requires fiber 
: JZ attachment as demonstrated by the effectiveness o 
recombinant soluble fiber in blocking gene - f e 
(Goldman, et al., J^Virol^ Vol. 69, pgs. 5951-5958 
^995,,. Transduction of cells which lack fiber recep ors 
occurs with much lower efficiency and requires high 
multiplicities of input vector (Freimuth, et al., ± 
Virol., Vol. 70, pgs. 4081-4085 (1996); Haung, * £ 
vTroT, Vol. 70, pgs. 4502-4508 (1996),. Fiber independent 
Auction likely occurs through direct binding of the 
penton base arginine-glycine-aspartic add, or ' 
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sequences to cell surface integrins. Blockade of the 
RGDrintegrin pathway reduces gene transfer efficiencies by 
several fold (Freimuth, 1996; Haung, 1996), but the effect 
is less complete than blockade of the fiber receptor 
interaction, suggesting that the latter is more critical. 

Low level gene transfer may result from a deficiency 
in one of the components of the entry process in the target 
cell. For example, inefficient gene transfer to human 
pulmonary epithelia has been attributed to a deficiency in 
avb5 integrins (Goldman, 1995) . Other cell types such as 
vascular endothelial and smooth muscle cells have been 
identified as being deficient in fiber dependent 
transduction due to a low level of the Adenovirus 5 
receptor (Wickham, et al., J. Virol. , Vol* 70, pgs. 6831- 
6838 (1996)). Several approaches have been undertaken to 
target adenoviral vectors to improve or enable efficient 
transduction of target cells. These strategies include 
alteration of the penton base to target selectively 
specific cell surface integrins (Wickham, et al., Gene 
Ther. , Vol. 2, pgs. 750-756 (1995); Wickham, et al., J. 
Virol. , Vol. 70, pgs. 6831-6838 (1996)) and modification of 
the fiber protein with an appropriate ligand to redirect 
binding (Michael, et al., Gene Ther. , Vol. 2, pgs. 660-668 
(1995); Stevenson, 1995). 

SUMMARY OF THE INVENTION 

The present invention is directed to the transduction 
of cells with adenoviruses wherein at least a portion of 
the fiber of the adenovirus, and in particular the head 
portion, is removed and replaced with a fiber portion, and 
in particular, a head portion of the fiber, having novel 
receptor specificities. Binding of recombinant Adenovirus 
5 and Adenovirus 3 fiber proteins to cellular receptors has 
been examined previously, and it was demonstrated that the 
receptor specificity of the fiber protein can be altered by 
exchanging the head domains between these two fiber 
proteins (Stevenson, 1995). Thus, the present invention is 
directed to the transduction of cells with a modified 
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adenovirus having a chimeric fiber, wherein the adenovirus, 
prior to modification, is of a first serotype, and the 
adenovirus is modified such that at least a portion of the 
fiber, and in particular the head portion, of the 
adenovirus is removed and replaced with at least a portion 
of the fiber of an adenovirus of the second serotype. 
Applicants have found that such adenoviruses bind to cells 
having a receptor for the adenovirus of the second 
serotype. Applicants also have found that such 
adenoviruses may bind to cells which are refractory to 
adenoviruses of the first serotype, yet are bound by the 
modified adenoviruses through the binding of the head 
region of the fiber of the modified adenovirus to a 
receptor for the adenovirus of the second serotype. f 

The present invention also is directed to gene 
delivery or gene transfer vehicles, other than 
adenoviruses, which include at least a portion, preferably 
the head portion, of the fiber of an adenovirus of a 
desired serotype. Such gene transfer vehicles are useful 
for delivering polynucleotides to cells which have a 
receptor that binds to the fiber of the adenovirus of a 
desired serotype. The gene transfer vehicles which may be 
employed include, but are not limited to, retroviruses, 
adeno-associated virus, Herpes viruses, plasmids which are 
linked chemically to the at least a portion of the fiber of 
the adenovirus of a desired serotype, and proteoliposomes 
encapsulating the polynucleotide which is to be transferred 
into cells. 

in yet another embodiment, the present invention is 
directed to an adenovirus of the Adenovirus 3 serotype 
which includes at least one heterologous UNA sequence. 

In a further embodiment, the present invention also 
is directed to the transfer of polynucleotides into cells 
which include a receptor for Adenovirus 3 by contacting 
such cells with a gene transfer vehicle including at least 
a portion, and preferably the head portion, of the fiber of 
Adenovirus 3. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The invention now will be described with respect to 
the drawings, wherein: 

Figure 1 shows genomic analysis of the wild type 
fiber, AvlLac24 and chimeric fiber, Av9LacZ4 adenoviral 
vectors. Figure 1A shows Seal (S), Dral (D) , EcoRJ <E) and 
BaioHI (B) restriction endonuclease sites on a schematic 
diagram for each vector. The predicted Dral and Seal 
restriction fragments and the expected sizes for AvlLacZ4 
and Av9LacZ4 are highlighted. DNA was isolated from each 
vector, digested with the indicated restriction 
endonucleases, and Southern blot analysis carried out using 
standard procedures. Figure IB shows digested DNA samples 
(0.4 u g) that were applied to a 0.8% agarose gel and 
stained with ethidium bromide to visualize the individual 
DNA fragments. The combined \DNA/HindIII and $X174 rf 
DNA/Haelll DNA sire markers (M) are indicated. The Avll,acZ4 
wildtype vector was digested with: lane 1, seal; lane 2, 
Dral: and lane 3, EcoRI and BaoHI. The Av9Lac24 chimeric 
fiber vector was digested with: lane 4, Seal; lane 5, Dral 
and lane 6, EcoRI and BamHI. Figure 1C shows digested DNA 
fragments as shown in Figure IB that were transferred to a 
Zetaprobe membrane and hybridized with the ( M P] -labeled 
500 bp Adenovirus 3 fiber head domain probe at 
approximately 1 x 10* cpm/ml and exposed to film for 12 
hours. The expected fragments derived from Av9LacZ4 which 
hybridized with the Adenovirus 3 fiber head probe are 
indicated. 

Figure 2 shows Western immunoblot analysis of 
adenoviral capsid proteins. An equivalent number of 
adenoviral particles for the AvlLacZ4 (lanes 1 and 4) , 
Av9LacZ4 (lanes 2 and 5) vectors or a control virus 
containing the full length Adenovirus 3 fiber protein 
(lanes 3 and 6) were subjected to 4/15% SDS PAGE and 
Western blot analysis under denaturing conditions. (A) 2 x 
10" adenoviral particles were applied per lane and .the 
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..v, !.v 0 anti-fiber monoclonal 

an tibody by chemiluminescence. (B) 6 
secondary antibody oy men brane was 

particles were appl^ P« specific 

developed using a rabbit Mtl . trtbit IgG-HRPO 

polyclonal antibody and donkey anti rtt J 
Hcondary antibody by chemiluminescence. The positions 
molecular weight markers are indicated. 

TZtTL Each point Is th. .««.- t standard deviation 
experiment . 

riaure 4 shows differential adenoviral-mediated 

^ « 1 «r.i AV-L.C24 (figur.a 4B. 40. and 4fl 
..'loo. tota pnrticia, P.t C.U. M t.r M honx. 
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are shown. 

^ ». ». a^ * "' *~* *^?rsris. 



G 



-8- 



WO 98/30053 



PCT/US98/0S57O 



0,10,100, and 1000 total particles per cell of the AvlLacZ4 
(open circles) or Av9LacZ4 (closed circles) vectors for one 
hour at 37°C in a total volume of 0.2 ml of culture medium. 
After 24 hours, the cells were fixed and stained with X- 
gal as described in Example 1. The percent transduced 
cells per high power field was determined for each vector 
dose. The data represent the average percent transduction 
± standard deviation for three independent experiments and 
each vector dose was carried out in triplicate. The 
percentage transduction of HeLa (Figure 5A), MRC-5 (Figure 
SB) and FaDu (Figure 5C) cells at each vector dose is 
displayed. 

Figures 6A and 6B are graphs showing differential 
adenoviral-mediated transduction properties of human cell 
lines. The percent transduction efficiency for each cell 
line infected with the AvlLac24 (open bars) or Av9LacZ4 
(closed bars) vectors is displayed for the vector dose of 
100 (Figure 6A) and 1000 (Figure 6B) particles per cell. 
The data represent the mean ± standard deviation from three 
independent experiments. The cell lines are as follows: 
HeLa: human cervical carcinoma cells; HDF: human diploid 
fibroblasts; THP-1: human monocytes; MRC-5: human embryonic 
lung diploid fibroblasts; FaDu: human squamous carcinoma 
cells; HUVEC: human umbilical vein endothelial cells, and 
HCAEC: human coronary artery endothelial cells. 

Figure 7 is a graph of the percentages of primary 
human aortic smooth muscle cells transduced with AvlLac24 
or Av9LacZ4 in amounts up to 10,000 particles/cell. 

Figure 8 is a graph of the percentages of human 
aortic smooth muscle cells (HASMC) transduced with AvlLacZ4 
or Av9LacZ4 in an amount of 1,000 particles/cell, of pig 
aortic smooth muscle cells (PASMC) transduced with AvlLacZ4 
or Av9LacZ4 in an amount of 1,000 particles/cell or 5,000 
particles/cell, and of rat aortic smooth muscle cells 
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, -rt RvlLacZ4 or Av9LacZ4 in an amount 

(RASMC ) transduced with AvlLacZ* o 

of 1,000 particles/cell. 

Differential adenovirus-mediated 
Figure 9. squa mous cell carcinoma 

transduction properties of human sguam £ ^ 

cell lines. JSQ-3 (panels A and B) » Hep P ^ 
D) , and SCC, cells (panels . andj^er ^ ^ ^ ?> 

^ ^oJTSL P^- P« «11. Mter 24 hours, 
vector at 1,000 to P lact08 idase expression as 

the cells were analyzed P t > photomicrogra phs 
described in Example 8. Repres 
are shown. 

,o Effect of virus dose on transduction. 

Fi9UrB ,p i A) Hep-2 (Panel B) « SCC9 (Panel C, cell 
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. unes were exposed to ncrea g ^ ^ 
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in a total volume of 0.2ml or ^ ag 

hours, the cells were fU£ ^a ^ q£ 
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transduced cells per high ^po repre3en t the average 
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independent experiments. 

in accordance with an aspect 
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invention, there is provided a method of transferring at 
least one DMA sequence into cells. The method comprises 
transducing the cells with a modified adenovirus including 
the at least one DNA sequence. The adenovirus, prior to 
modification, is of a first serotype. in the modified 
adenovirus, at least a portion of the fiber of the 
adenovirus is removed and replaced with at least a portion 
of the fiber of an adenovirus of a second serotype. The 
cells include a receptor which binds to the at least a 
portion of the fiber of the adenovirus of the second 
serotype. Transfer of the at least one DNA sequence into 
said cells is effected through binding of the modified 
adenovirus to the cells* 

As stated hereinabove, the adenovirus fiber protein 
includes a head portion, a shaft portion, and a tail 
portion. In one embodiment, at least a portion of the head 
portion of the fiber of the adenovirus of the first 
serotype is removed and replaced with at least a portion of 
the head portion of the adenovirus of the second serotype. 

In a preferred embodiment, all of the head portion of the 
fiber of the adenovirus of the first serotype is removed 
and replaced with the head portion of the fiber of the 
adenovirus of the second serotype. 

In one embodiment, the first and second serotypes of 
the adenoviruses are from different subgenera. In general, 
the human adenoviruses are divided into Subgenera A through 
F. Such subgenera are described further in Bailey, et al., 
Virology, Vol. 20S, pgs. 438-452 (1994), the contents of 
which are herein incorporated by reference. Subgenus A 
includes Adenovirus 12, Adenovirus 18 and Adenovirus 31. 
Subgenus B includes Adenovirus 3, Adenovirus 7, Adenovirus 
14, and Adenovirus 35. Subgenus- C includes Adenovirus 1, 
Adenovirus 2, Adenovirus 5, and Adenovirus 6. Subgenus D 
includes Adenovirus 9, Adenovirus 10, Adenovirus 15, and 
Adenovirus 19. Subgenus E includes Adenovirus 4. Subgenus 
F includes Adenovirus 40 and Adenovirus 41. In one 
embodiment, the adenovirus of the first serotype is an 
Adenovirus of a serotype within Subgenus C, and 'the 



WO9S/50053 



,d.„o»ir» S of th. second serotype Is sn adenovirus of . 
" "ithin . so^snus ssloctso «ro» t». ,roup 
serotype In 
^naistina of Subgenera A, B, u, 

Z 22. «- adenovirus of the second serotype is m. 
adenovirus of a serotype within Subgenus B. In yet another 
Pediment, the adenovirus of the first serotype 
Senovirus 5, and the adenovirus of the second serotype is 
Adenovxru , embo diment, amino acid 

, -a ThP DNA encoding the rioer 

Genbank Accession No. M12411. -^un-d 
cells which may be transduced with the modified 
adenovirus include those cells which have a receptor that 
£Z to the Portion of the fiber protein, and in 
Uicular the head ^.Z^T^ 

ss r r\d::::L 5e of s. ^ . jrr 

! • a fiber head portion of Adenovirus 3, the cells 
whir : . trlsduced by such edified adenovirus 
Include but are not limited to, lung cells, including, but 
raited to, lung epithelial cells and lung -car 
cells; blood cells such as hematopoietic cells, i^udinfl. 
^ not limited to, monocytes and macrophages; ymphoma 
Tens leukemia cells, including acute myeloid leukemia 
and acute lymphocytic leukemia cells; -oat h muscle 
cells, including, but not limited to, smooth muscle cells 
of blood vessels and of the digestive system; and tumor 
cells, including, but not limited to, head and neck cancer 
cells and neuroblastoma cells. 

such adenoviruses may be constructed from an 
• , +~ n f a first serotype wherein DNA encoding 
adenoviral vector of a first s«u w r(J . nlaced 
at least a portion of the fiber is removed and replaced 
with DNA ending at least a portion of the fiber of the 
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adenovirus of a second serotype. 

The adenovirus, in general, also includes at least 
one DNA sequence to be transferred into cells. The at 
least one DNA sequence may be a heterologous DNA sequence, 
and in particular, may be a heterologous DNA sequence 
encoding a therapeutic agent. The term "therapeutic" is 
used in a generic sense and includes treating agents, 
prophylactic agents, and replacement agents. 

DNA sequences encoding therapeutic agents include, 
but are not limited to, DNA sequences encoding tumor 
necrosis factor (TNF) genes, such as TNF- a ; genes encoding 
interferons such as Interferon-* Interferon-fl, and 
Interferon-^ genes encoding interleukins such as IL-i, il- 
10, and Interleukins 2 through 14; genes encoding G-CSF, 
GM-CSF, TGF-a, TGF-p, and fibroblast growth factor; genes 
encoding ornithine transcarbamylase, or OTC; genes encoding 
adenosine deaminase, or ADA; genes which encode cellular 
growth factors, such as lymphokines, which are growth 
factors for lymphocytes; genes encoding epidermal growth 
factor (EGF), vascular endothelial growth factor (VEGF) 
and keratinocyte growth factor (KGF) ; genes encoding 
soluble CD4; Factor VIII; Factor IX; cytochrome b; 
glucocerebrosidase; T-cell receptors; the LDL receptor, 
ApoE, ApoC, ApoAI and other genes involved in cholesterol 
transport and metabolism; the alpha-1 antitrypsin ( a lAT) 
gene; genes encoding co-stimulatory antigens, such as 87 1- 
genes encoding chemotactic agents, such as lymphotactin,' 
the cystic fibrosis transmembrane conductance regulator 
(CFTR) genes; the insulin gene; the hypoxanthine 
phosphoribosyl transferase gene; negative selective markers 
or "suicide" genes, such as viral thymidine kinase genes, 
such as the Herpes Simplex Virus thymidine kinase gene, the 
cytomegalovirus virus thymidine kinase gene, and the 
varicella-zoster virus thymidine kinase gene; Fc receptors 
for antigen-binding domains of antibodies, antisense 
sequences which inhibit viral replication, such as 
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v^h inhibit replication of hepatitis 

antisense sequences which inhibit r P ^ ^ 

B or hepatitis non-A non B but not limited 
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the native DNA sequence which may have a substitution, 
deletion, or addition of one or more nucleotides, which 
does not alter substantially the function of the encoded 
protein or polypeptide or fragment or derivative thereof. 
In one embodiment, the DNA sequence may further include a 
leader sequence or portion thereof, a secretory signal or 
portion thereof and/or may further include a trailer 
sequence or portion thereof. 

The DNA sequence encoding at least one therapeutic 
agent is under the control of a suitable promoter. 
Suitable promoters which may be employed include, but are 
not limited to, adenoviral promoters, such as the 
adenoviral major late promoter; or heterologous promoters, 
such as the cytomegalovirus (CMV) promoter; the Rous 
Sarcoma Virus (RSV) promoter; inducible promoters, such as 
the MMT promoter, the metal lothionein promoter; heat shock 
promoters; the albumin promoter; and the ApoAI promoter. 
It is to be understood, however, that the scope of the 
present invention is not to be limited to specific foreign 
genes or promoters. 

The adenoviral vector which is employed may, in 
one embodiment, be an adenoviral vector which includes 
essentially the complete adenoviral genome (Shenk et aJ., 
Curr. Top. Microbiol. Immunol. . 111(3): 1-39 (1984). 
Alternatively, the adenoviral vector may be a modified 
adenoviral vector in which at least a portion of the 
adenoviral genome has been deleted. 

In a preferred embodiment, the adenoviral vector 
comprises an adenoviral 5 f ITR; an adenoviral 3' ITR; an 
adenoviral encapsidation signal; a DNA sequence encoding a 
therapeutic agent; and a promoter controlling the DNA 
sequence encoding a therapeutic agent. The vector is free 
of at least the majority of adenoviral El and E3 DNA 
sequences, but is not free of all of the E2 and E4 DNA 
sequences, and DNA sequences encoding adenoviral proteins 
promoted by the adenoviral major late promoter. 

In one embodiment, the vector also is free of at 
least a portion of at least one DNA sequence selected from 
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encoding a therapeutic agent then may be inserted into the 
multiple cloning site to produce a plasmid vector. 

This construct is then used to produce an adenoviral 
vector. Homologous recombination is effected with a 
modified or mutated adenovirus in which at least the 
majority of the El and E3 adenoviral DNA sequences have 
been deleted. Such homologous recombination may be 
effected through co-transfection of the plasmid vector and 
the modified adenovirus into a helper cell line, such as 
293 cells, by CaP0 4 precipitation. Upon such homologous 
recombination, a recombinant adenoviral vector is formed 
that includes DMA sequences derived from the shuttle 
plasmid between the Not I site and the homologous 
recombination fragment, and DNA derived from the El and E3 
deleted adenovirus between the homologous recombination 
fragment and the 3 1 ITR. 

In one embodiment, the homologous recombination 
fragment overlaps with nucleotides 3329 to 6246 of the 
Adenovirus 5 (ATCC VR-S) genome. 

Through such homologous recombination, a vector is 
formed which includes an adenoviral 5 1 ITR, an adenoviral 
encapsidation signal; an Ela enhancer sequence; a promoter; 
at least one DNA sequence encoding a therapeutic agent; a 
poly A signal; adenoviral DNA free of at least the majority 
of the El and E3 adenoviral DNA sequences; and an 
adenoviral 3' ITR. The vector also may include a 
tripartite leader sequence. The vector may then be 
transfected into a helper cell line, such as the 293 helper 
cell line (ATCC No. CRL1573), which will include the Ela 
and Elb DNA sequences, which are necessary for viral 
replication, and to generate adenoviral particles. 
Transfection may take place by electroporation, calcium 
phosphate precipitation, microinjection, or through 
proteoliposomes . 

In another embodiment, the adenoviral vector is free 
of all or a portion of each of the adenoviral El and E4 DNA 
sequences, or is free of all or a portion of each of the 
adenoviral El and E2 DNA sequences, or is free of all or a 
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promoter. Such inducible promoters may include, but are 
not limited to, the mouse mammary tumor virus (MMTV) 
promoter (Archer, et aJ., Science , Vol. 255, pgs. 1573-1576 
(March 20, 1992)); the synthetic minimal glucocorticoid 
response element promoter GRE5 (Mader, et al.# Proc. Nat. 
Acad, Sci. , Vol. 90, pgs. 5603-5607 (June 1993)); or the 
tetracycline-responsive promoters (Gossen, et al., Proc. 
Nat. Acad. Sci. , Vol. 89, pgs. 5547-5551 (June 1992)). In 
another alternative, the El region is under the control of 
an inducible promoter, and the E2a, E2b and/or E4 regions 
are under the control of their native promoters. In such 
alternative, the native promoters are transact! vated by 
expression of the El region. 

In one embodiment, the cell line includes the entire 
adenoviral E4 region with its native promoter region, and 
the Ela region or the entire El region (including the Ela 
and Elb regions) under the control of a regulatable or 
inducible promoter, such as, for example, the mouse mammary 
tumor virus (or MMTV) promoter, which is a hormone 
inducible promoter, or other such promoters containing 
glucocorticoid responsive elements (GRE's) for 
transcriptional control. In another embodiment, the E4 DNA 
sequence also is expressed from a regulatable promoter, 
such as the MMTV promoter. The El and E4 DKA sequences may 
be included in one expression vehicle, or may be included 
in separate expression vehicles. Preferably, the 
expression vehicles are plasmid vectors which integrate 
with the genome of the cell line. 

Such vectors, wherein the vector is free of all or a 
portion of each of the adenoviral El and E4 DNA sequences, 
or is free of all or a portion of each of the adenoviral El 
and E2 DNA sequences, or is free of all or a portion of the 
El, E2, and E4 DNA sequences, and the complementing cell 
lines, also are described in PCT Application No. 
W096/18418, published June 20, 1996, the contents of which 
are incorporated herein by reference. 

Upon formation of the adenoviral vectors hereinabove 
described, the genome of such a vector is modified such 
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that DNA encoding at least a portion of the fiber protein 
is removed and replaced with DNA encoding at least a 
portion of the fiber protein an adenovirus having a 
serotype different from that of the adenovirus being 
modified. Such modification may be accomplished through 
genetic engineering technigues known to those skilled in 

^ ^upon .edification of the genome of the adenoviral 
vector, the vector is transfected into an appropriate cell 
line for the generation of infectious adenoviral particles 
wherein at least a portion of the fiber protein in 
particular the head portion has been changed to 
portion, and in particular the head portion, of the fiber 
protein of an adenovirus having a serotype different from 
that of the adenovirus being modified. MmAm * 
Alternatively, the DNA sequence encoding the modified 
fiber may be placed into an adenoviral shuttle plasmid such 
as those hereinabove described. The shuttle plasmid also 
may include at least one DNA sequence encoding a 
therapeutic agent. The shuttle plasmid is transfected into 
an appropriate cell line for the generation of infectious 
viral particles, with an adenoviral genome wherein the DNA 
encoding the fiber protein is deleted. 

In another alternative, a first shuttle plasmid 
includes at least one DNA sequence encoding the therapeutic 
agent, and a second shuttle plasmid includes the DNA 
sequence encoding the modified fiber. The first shut, M 
plasmid is transfected into an appropriate cell line for 
the generation of infectious viral particles including at 
least one DNA sequence encoding a therapeutic agent. The 
second shuttle plasmid, which includes the DNA sequence 
encoding the modified fiber, then is transfected with the 
adenovirus including the at least one DNA sequence encoding 
a therapeutic agent into an appropriate cell line to 
generate infectious viral particles including the modified 
fiber and DNA sequence encoding at least one therapeutic 
aaent through homologous recombination. 

in yet another alternative, the modified adenovirus 
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is constructed by effecting homologous recombination 
between an adenoviral vector of the first serotype which 
includes at least one DNA sequence encoding a therapeutic 
agent, with a shuttle plasmid including a DNA sequence 
encoding the modified fiber. 

The modified adenovirus may be employed to transduce 
cells in vivo, ex vivo, or in vitro. When administered in 
vivo, the adenoviruses of the present invention may be 
administered in an amount effective to provide a 
therapeutic effect in a host. In one embodiment, the 
modified adenovirus may be administered in an amount of 
from 1 plaque forming unit to about 10 H plaque forming 
units, preferably from about 10* plaque forming units to 
about 10 13 plaque forming units. The host may be a 
mammalian host, including human or non-human primate hosts. 

The modified adenovirus may be administered in 
combination with a pharmaceutical ly acceptable carrier 
suitable for administration to a patient, such as, for 
example, a liquid carrier such as a saline solution, 
protamine sulfate (Elkins-Sinn, Inc., Cherry Hill, N.J.), 
or Polybrene (Sigma Chemical) . 

Cells which may be transduced with the modified 
adenovirus are those which include a receptor for the 
adenovirus of the second serotype, whereby the portion of 
the fiber of the adenovirus of the second serotype, in 
particular the head portion, which is included in the 
modified adenovirus, is bound by the receptor for the 
adenovirus of the second serotype. 

When, as in one embodiment, the adenovirus of the 
first serotype is Adenovirus 5, and such adenovirus has 
been modified such that at least a portion of the fiber, in 
particular the head portion of Adenovirus 5, has been 
removed and replaced with at least a portion, in particular 
the head portion of Adenovirus 3, cells which may be 
transduced include lung cells, including normal lung cells 
such as lung epithelial cells, lung fibroblasts, and lung 
cancer cells; blood cells, such as hematopoietic cells, 
including monocytes and macrophages; lymphoma ceils; 
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multidrug resistance (MDR) gene or a dihydrofolate 
reductase (DHFR) gene. Such transduced hematopoietic stem 
cells become resistant to chemotherapeutic agents, and 
therefore such transduced hematopoietic stem cells can 
survive in cancer patients that are being treated with 
chemotherapeutic agents. 

In yet another embodiment, the modified adenoviruses 
may be employed in the treatment of tumors, such as head 
and neck cancer, neuroblastoma, lung cancer, and lymphomas. 
For example, the modified adenovirus may include a 
negative selective marker, or "suicide" gene, such as the 
Herpes Simplex Virus thymidine kinase (TK) gene. The 
modified adenovirus may be employed in the treatment of the 
head and neck cancer or lung cancer, or neuroblastoma, or 
lymphoma, by administering the modified adenovirus to a 
patient, such as, for example, by direct injection of the 
modified adenovirus into the tumor or into the lymphoma, 
whereby the modified adenovirus transduces the tumor cells 
or lymphoma cells. Alternatively, when the modified 
adenovirus is employed to treat head and neck cancer or 
neuroblastoma, the modified adenovirus may be administered 
to the vasculature at a site proximate to the head and neck 
cancer or neuroblastoma, whereby the modified adenovirus 
travels to and transduces the head and neck cancer cells or 
neuroblastoma cells. After the tumor cells or lymphoma 
cells are transduced with the modified adenovirus, an 
Interaction agent or prodrug, such as, for example, 
ganciclovir, is administered to the patient, whereby the 
transduced tumor cells are killed. 

In a further embodiment,, the modified adenoviruses 
may be employed in the treatment of leukemias, including 
acute myeloid leukemia and acute lymphocytic leukemia. For 
example, the modified adenovirus may include a negative 
selective marker, or "suicide" gene, such as hereinabove 
described. The modified adenovirus may be administered 
intravascularly, or the modified adenovirus may be 
administered to the bone marrow, whereby the modified 
adenovirus transduces the leukemia cells. After the 
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sequence encoding a therapeutic agent, such as cell cycle 
control agents, such as, for example, p21; hirudin; 
endothelial nitric oxide synthetase; or antagonists to 
cyclin Gl or cyclin Dl, such as antibodies which recognize 
an epitope of cyclin Gl as cyclin Dl. Alternatively, the 
modified adenovirus may include an antisense polynucleotide 
to the cyclin Gl or cyclin Dl gene, or in another 
alternative, the modified adenovirus may include a negative 
selective marker or "suicide" gene as hereinabove 
described. The modified adenovirus then is administered 
intra vascular ly, at a site proximate to the vascular 
lesion, or to the invasive vascular procedure, whereby the 
modified adenovirus transduces smooth muscle cells of the 
vasculature. The transduced cells then express the 
therapeutic agent, thereby treating or preventing 
restenosis or vascular lesions. Such restenosis or 
vascular lesions include, but are not limited to, 
restenosis or lesions of the coronary, carotid, femoral, or 
renal arteries, and renal dialysis fistulas. 

In one embodiment, when the restenosis or vascular 
lesion is associated with proliferation of smooth muscle 
cells of the vasculature, the modified adenovirus may 
include a gene encoding a negative selective marker, or 
"suicide" gene as hereinabove described. Upon transduction 
of the smooth muscle cells with the modified adenovirus, an 
interaction agent or prodrug as hereinabove described is 
administered to the patient, thereby killing the transduced 
smooth muscle cells at the site of the restenosis or 
vascular lesion, and thereby treating the restenosis or 
vascular lesion. 

In another embodiment, the modified adenovirus, which 
includes at least one DNA sequence encoding a therapeutic 
agent, may be administered to an animal in order to use 
such animal as a model for studying a disease or disorder 
and the treatment thereof. For example, a modified 
adenovirus, in accordance with the present invention, 
containing a DNA sequence encoding a therapeutic agent may 
be given to an animal which is deficient in such 
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described, which include a receptor which binds to the head 
portion of the fiber of Adenovirus 3, to treat diseases or 
disorders such as those hereinabove described. 

In another embodiment, the gene transfer vehicle may 
be a plasmid, to which is linked at least a portion, 
preferably at least a portion of the head portion, and more 
preferably the entire head portion, of the fiber of an 
adenovirus of a desired serotype. The at least a portion 
of the fiber of the adenovirus of a desired serotype may be 
bound directly to the plasmid vector including a 
polynucleotide to be transferred into a cell, or the at 
least a portion of the fiber of the adenovirus of a desired 
serotype may be attached to the plasmid vector by means of 
a linker moiety, such as, for example, linear and branched 
cationic polymers, such as, polyethyleneimine, or a 
polylysine conjugate, or a dendrimer polymer. The plasmid 
vector then is employed to transduce cells having a 
receptor which binds to the head portion of the fiber of 
the adenovirus of the desired serotype. For example, a 
plasmid vector may be attached, either through direct 
binding or through a linker moiety, to the head portion of 
the fiber of Adenovirus 3. The plasmid vector then may be 
employed to transduce cells having a receptor which binds 
to the head portion of the fiber of Adenovirus 3, as 
hereinabove described. 

In another embodiment, a polynucleotide which is- to 
be transferred into a cell may be encapsulated within a 
proteoliposome which includes at least a portion, 
preferably at least a portion of the head portion, and more 
preferably the entire head portion, of the fiber of an 
adenovirus of a desired serotype. The polynucleotide to be 
transferred to a cell may be a naked polynucleotide 
sequence or may be contained in an appropriate expression 
vehicle, such as a plasmid vector. The proteoliposome may 
be formed by means known to those skilled in the art. The 
proteoliposome, which encapsulates the polynucleotide 
sequence to be transferred to a cell, is employed in 
transferring the polynucleotide to ceils having a receptor 
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fusogenic layer of a fusogenic pH sensitive membrane 
destabilizing polymer* The at least a portion, preferably 
at least a portion of the head portion, and more preferably 
the entire head portion, of the fiber of an adenovirus of a 
desired serotype, is bound to the fusogenic pH sensitive 
membrane destabilizing polymer. Such a "synthetic vector" 
is useful especially for transferring polynucleotides to 
cells ex vivo or in vitro. For example, the "synthetic 
vector" may include the head portion of the fiber of 
Adenovirus 3, which is bound to the fusogenic pH sensitive 
membrane destabilizing polymer. The "synthetic vector" is 
employed in contacting cells which includes a receptor 
which binds to the head portion of the fiber of Adenovirus 
3. Upon binding of the "synthetic vector" to the cell, the 
polynucleotide contained in the "synthetic vector" is 
transferred to the cell. 

In accordance with yet another aspect of the present 
invention, there is provided an adenoviral vector of the 
Adenovirus 3 serotype which includes at least one 
heterologous DNA sequence. The at least one heterologous 
DMA sequence may be selected from those hereinabove 
described* Such adenoviral vectors may be employed in 
transducing cells, such as those hereinabove described, 
either in vivo, ex vivo, or in vitro* which include a 
receptor which binds to the head portion of the Adenovirus 
3. The vectors may be administered in dosages such as 
those hereinabove described* The vectors may be 
administered in combination with a pharmaceutically 
acceptable carrier, such as those hereinabove described. 
Thus, such vectors may be employed to treat diseases or 
disorders such as those hereinabove described* It is to be 
understood, however, that the scope of this aspect of the 
present invention is not to be limited to the transduction 
of any particular cell type or the treatment of any 
particular disease or disorder. 

Thus, in accordance with another aspect of the 
present invention, there is provided a method of 
transferring at least one polynucleotide into cells * by 
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j a a6n o transfer vehicle which 
contacts th. cell, w h a ,.»e « 

ln cl 0 *>. »t la..t • ^ ^/"V^ly the tl» head 
of t » e *e.a = i call, laclua. a 

binding of the gene transfer vehic to , 
gen e transfer ^^^^ virus; Herpes 
ad enoviruses. virug; plasraid vectors bound 

viruses such as Herpes _S MP head pertion , o£ 

to the at least a portion pr y pro teoliposomes 

.ncapaulau,,, « laaat » leotld . „ y .ncod. at 

described. 

EXAMPLES 

The invention now will he described with 
the following exiles; however, the scope of the present 
invention is not intended to he lifted. thereby. 

Example 1 

Materials »"d Methods , hutt le plasmid was 

R jS* fiber Plasmid- A shuttle pias 

^ for homologous recoiobination at the right hand 

constructed for nomoi°9«u= shuttle 
- * based adenoviral vectors. This snu^j.» 

^^ to « P ^ contains the last 8886 bp 

T tn\ Z to 34057 bp of the Ad d!327 (Thi^paya, 
from 25171 bp to 3405 P ^ 

^eaclLt SK il(*r ( S t atagene) and was Undly supplied 
k n soltra Rly Genetic Therapy, Inc., Gaithersburg, 

y x : f The wUd type, Adenovirus 5 fiber cDHA contained 
Maryland. The wild W cDNA using PCR 

within prepac was replaced ^wi : ^ ^ 

g ene overlap extension, as descri ^ 5TS3H 

Biote^isasi, vol. 8,pgs. 52 
contains the Adenovirus 5 fiber tail a 

<STS; amino acids 1 to 403) fused with the Adenovirus 
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fiber head region (3H, amino acids 136 to 319) as described 
in Stevenson, et al., J. Virol Vol. 69, pgs, 2850-2857 
(1995). The 5TS3Ha cDNA was modified to contain native 3' 
downstream sequences of the wildtype 5F cDNA. In addition, 
the last two codons of the Adenovirus 3 fiber head domain, 
GAC TGA were mutated to correspond to the wild type, 5F 
codon sequence, GAA TAA to maintain the Adenovirus 5 fiber 
stop codon and polyadenylation signal. The Adenovirus 5 
fiber 3* downstream sequences were added onto the 5TS3Ha 
cDNA using the pgem5TS3H plasmid (Stevenson, 1995) as 
template and the following primers: Pl:5 f - 
CATCTGCAGCATGAAGCGCGCAAGACCGTCTGAAGATA-3 • (scs4) and P2:5'- 
CGTTGAAACATAACACAAACGATTCTTTATTCATCTTCTCTAATATAGGAAAAGGTAA- 
3' (scs 80). Overlapping homologous sequences were added 
onto prepac using the following primers: P3, 5'- 
TTACCTTTTCCTATATTAGAGAAGATGAATAAAGAATCGTTTGTGTTATGTTTCAACG- 
3' (SCS 79) and P4, 5 1 -AGAGAAGCTTGCATGCCTGCAGGACGGAGC- 3 * 
(scs81) . Amplified products of the expected size were 
obtained and were gel purified. A second PCR reaction was 
carried out using the end primers, PI and P4 to join the 
two fragments together. The DNA fragment generated in the 
second PCR reaction contained the 5TS3Ha cDNA with the last 
two codons mutated to the wildtype 5F sequence and the 
appropriate 3 V downstream prepac sequences. The 5TS3Ha PCR 
fragment was digested with NdeJ and Sse8387 and was cloned 
directly into prepac to create the fiber shuttle plasmid, 
prep5TS3Ha . 

Generation of recombinant adenoviruses. The modified 
5TS3Ha fiber cDNA was incorporated into the genome of 
AvlLacZ4, an El and £3-deleted adenoviral vector encoding 
0-galactosidase, and described in PCT Application No. 
W095/09654, published April 13, 1995, by homologous 
recombination between AvlLacZ4 and the prep5TS3Ha fiber 
shuttle plasmid to generate the chimeric fiber adenoviral 
vector referred to as Av9Lac24. Human embryonic kidney 293 
cells (ATCC CCL-1573) were obtained from the American Type 
Culture Collection (RocJcville, MD) and cultured in IMEM 
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containing 10% heat inactivated FBS (HIFBS) . Co- 
transfections of 293 cells were carried out with 10 „g of 
N otI-digested pre P 5TS3Ha and 1.5 ,g of sr/I-digested 
AvlLacZ4 genomic DMA using a calcium phosphate mammalian 
transfection system (Promega Corporation, Madison, WI, 
The 293 cells were incubated with the calcium phosphate. 
DNA precipitate at 37'C for 24 hours. The precipitate was 
^oved and the monolayers were washed once with phosphate 
Offered saline (PBS) . The transfected 293 cell monolayers 
were overlayered with 1% Sea Plaque agarose in MEM 
supplemented with 7.5% HIFBS, 2mM glutamine, 50 units/ml 
penicillin, 50 „g/»l streptomycin sulfate and U 
amphotericin B. Adenoviral plagues were isolated after 
approximately 14 days. Individual plaques were expanded, 
genomic DNA was isolated and screened for the presence of 
the chimeric fiber, 5TS3Ha cDHA using Seal restriction 
enzyme digestion and confirmed by Southern blot analysis 
ZiZ the Ad3 fiber head as probe. Positive plaques were 
Ejected to two rounds of plaque purification to remove 
pfrntal, Av>LacZ4 contamination. The Av9L.cZ4 vector 
after two rounds of plaque purification was expanded and 
purified by conventional techniques usin, , CsC 
ultracentrifugation. The adenovirus titers (part cles/ml) 
were determined spectrophotometries!^ (Halbert, et al., i. 
Virol., Vol. 56, pgs. 250-257 (1985); Weiden, et al., Prcc, 
S^cad. Sci., Vol. 91, pgs. 153-157 (1994,) and compared 
^rShZoTogical titer (pfu/ml) determined using 293 
cell monolayers as described in Mittereder, et al, ^ 
Virol., Vol. 70, pgs. 7498-7509 (1996). The ratio of total 
Nicies to infectious particles (particles/pfu) was 
calculated. OKA was isolated from each vector and digested 
with Oral, Seal, or EccRI and Ba*HI to confirm the identity 
of each. The schematic diagrams of Av9LacZ4 and parental, 
AV1UCZ4 vectors are shown schematically in Figure 1. 

Expression of fiber constructs in baculovirus. As 
descried previously (Stevenson, 1995), the baculovirus 
expression system (Clontech, Palo Alto, CA) was used, to 
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generate fiber proteins for receptor binding studies. 
Recombinant baculoviral vectors were used which expressed 
either the MS fiber or Ad3 fiber proteins. Spodoptera 
frugiperda cells (Sf21) were cultured as monolayers at 27«c 
in Grace's supplemented insect cell medium containing 10% 
HIFBS, 100 Units/ml penicillin, 100 u g/ml streptomycin 
sulfate, and 2.5 ug/ml of amphotericin B. Large scale 
infections of Sf21 cells with each recombinant fiber 
baculovirus were carried out and fiber containing cell 
lysates were prepared as described (Stevenson, 1995) . 

The Adenovirus 5 fiber protein was purified from the 
Sf21 cell lysates as described previously (Stevenson, 
1995) . Briefly, the Adenovirus 5 fiber triroer was purified 
to homogeneity using a two step purification procedure 
utilizing a DEAE-sepharose column, and then a Superose 6 
gel filtration column equilibrated in PBS using an FPLC 
system (Pharmacia) • Protein concentrations of the purified 
Adenovirus 5 fiber trimer and the insect cell lysates 
containing the Adenovirus 3 fiber (3F/CL) were determined 
by the bicinchonxnic acid protein assay (Pierce, Rockford, 
ID with bovine serum albumin (BSA) as the assay standard. 

The expression of fiber proteins was verified by 
sodium dodecyl sulfate (SDS)-4/15% polyacrylamide gel 
electrophoresis (PAGE) under denaturing conditions and 
Western imraunoblot analysis. The proteins were transferred 
to a polyvinylidene di fluoride (PVDF) membrane by use of a 
small transblot apparatus (Biorad, Hercules, CA) for 30 
minutes at 100 volts. After the transfer was completed, 
the PVDF membrane was stained transiently with Ponceau red 
and the molecular weight standards were marked directly on 
the membrane. Molecular weight standards used ranged from 
200 to 14 kDa (Biorad) . Nonspecific protein binding sites 
on the PVDF membrane were blocked using a 5% dried milk 
solution in 10 mM Tris, pH7.4 containing 150 mM NaCl, 2 mM 
EDTA 0.04* Tween-20 for one hour at room temperature or 
overnight at 4°C. The membrane then was incubated for one 
hour at room temperature with a 1:10,000 dilution of the 
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„rimarv anti-Adenovirus 2 fiber monoclonal antibody, 4D2-5 
primary anti m E ngler, University of 

(ascites kindly provided by Dr. J. "-gj. 
mIL, or with 20 „/»! of a partially purified anti- 
MeTiL 3 fiber specific rabbit polyclonal antibody 
Adenovirus bacu i 0 viral expressed Adenovirus 3 

generated against the nacu metnbra ne was 

fiber head domain (Stevenson, 1995). me 
fiber neau j.^OOO dilution of the secondary 

developed with either a i.iw#«» /urpoi- 
i» M tl-~u.« 13= horseradish P"«""» 

™^Lt«d antibody (M-ershs. Ufesciences, Arllnjton. HI 
r»«h1 " « dilution of dense, anti-rsboit MM»o 
„ i^ e" nhsne.d d-l»— syste. 
Ufeleiences,. The ~*rsne w.s exposed to fU. for 
approximately 3 to 00 seconds, —dfie 

seed - — "JT^ 

described (Stevenson, 1995). tm 

raining - ^ov ^ «~ — ^ - ^ ^ 

T IgG fraction was isolated and was applied to - 

affinity column containing covalently bound insect ce 1 
affinity col ^ £ron tW , affinlty 

lyaate ^^V^jZud for imnunoreactivity against 
column was obtained and cescea c-pc-wi fiher 

the Adenovirus 5, Adenovirus 3, and chimeric. 5TS3H fiber 
proteins using Western blot analysis. 

Competitive viral transduction assay. The receptor 

purified Adenovirus 5 fiber tri»er protsin .0.05 » 
to 100 or -ith - «— * " ll containing the 

Macros 3 fiber ,100 UP « *» 

hour at 37'C in a total volume of 0.2 ml of niui. 
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The chimeric fiber Av9LacZ4 or parental , AvlLacZ4 
adenoviral vectors were then added in a total volume of 5^1 
to achieve a total particle per cell ratio of 100 by 
dilution of the virus into DMEM, 2fc HIFBS. Virus 
transductions were carried out for 1 hour at 37 °C. The 
monolayers were washed once with PBS, 1 ml of DMEM, 10% 
HIFBS was added per well, and the cells were incubated for 
an additional 24 hours to allow for 0-galactosidase 
expression. The cell monolayers then were fixed using 0.5% 
glutaraldehyde in PBS and then were incubated with 1 mg/ml 
5-bromo-4-cftloro-3-indolyl-b-D-galactoside (X-gal) , 5 mM 
potassium ferrocyanide, 2 mM MgCl* in 0*5 ml PBS. The 
cells were stained approximately 24 hours at 37 °c. The 
monolayers were washed with PBS and the average number of 
blue cells per high power field were quant itated by light 
microscopy using a Zeiss ID03 microscope, three to five 
fields were counted per well. The average number of blue 
cells per high power field was expressed as a percentage of 
the control which did not contain competitor fiber protein. 
Each concentration of competitor was carried out in 
triplicate and the average percentage ± standard deviation 
was expressed as a function of added competitor fiber 
protein. Each experiment was carried out three to four 
times and data from a representative experiment is shown. 

Cell Culture. The transduction efficiency of 
Av9LacZ4 and AvlLacZ4 was surveyed on a panel of human cell 
lines. HeLa, MRC-5 (ATCC CCL-171), FaDu (ATCC HTB 43), and 
THP-1 (ATCC TIB-202) cells were obtained from the ATCC and 
cultured in the recommended medium. Human umbilical vein 
endothelial cells (HUVEC, CC-2517) and coronary artery 
endothelial cells (HCAEC, CC-2585) were obtained from the 
Clonetics Corporation (San Diego, CA) and cultured in the 
recommended medium. Each cell line was transduced with the 
chimeric fiber Av9LacZ4 or the wild type, AvlLacZ4 
adenoviral vectors at 0, 10, 100, and 1000 total particles 
per cell for one hour at 37 °C in a total volume of 0.2 ml 
of culture medium containing 2% HIFBS. The cell monolayers 
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once with PBS and 1 ml of the appropriate 

contain, 2. HUM. - <*« ^» « ^p 

Ma . confining 10% HIFSS «• ■**"■ ™ 

for 2% hours to alio- <or p- 5 .l.ctosid.s. 

incubated tor ^ no***. f 4xe d and 

The cell monolayers were then fixed ana 

! XPreSSi Tt h X^l Inscribed above. - Incubat 

i line in the X-gal solution varied from 1.5 hours 
4 hours depending on the amount background staining 
, < am mock infected wells. The percent transduction 
tT*£LZZZ ^cscopy by counting ? e number 

' duced, blue cells per total cells in a high power 
ing a Eeiss !D03 microscope, three to five field. 
*ed per well. Each vector dose was carrxed out xn 
h the averaae percent transduction per high 
triplicate and the average p«i%.= 

power field .mean * sd, n-3 wells) was determined and 
Messed as a function of added vector. Each cell line 
r /anlduced at least three times and the data present, 
the mean percent transduction ± standard deviation from 
three independent experiments. 

""ILt— of » — — — - T'TZ'c 

«~ ^jex vr s^rsr p^ 

can be aitereo y rftf f er ent receptor (Stevenson, 

r;;rr,~r— ---- - 
rrr. i _ - r ^%. ---- 

»„t ft f the wild type Adenovirus 5 fiber gene, 
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8886 bp of the Ad dl327 genome from 73.9 to 100 map units 
including the Adenovirus 5 fiber gene, E4 and the right 
ITR. This shuttle plasmid was used for incorporation of 
modified fiber genes into the backbone of an El and E3 
deleted adenoviral vector AvlLac24 via homologous 
recombination. This strategy replaces the native 
Adenovirus 5 fiber with the chimeric 5TS3H fiber sequences 
cloned within the prep5TS3Ha shuttle plasmid. The resulting 
vector, Av9LacZ4 contains the nuclear targeted p- 
galactosidase cDNA and the Adenovirus 3 fiber head domain. 
This approach will allow for any modification to the native 
fiber sequence to be incorporated within the adenoviral 
genome. 

Both the parental, AvlLacZ4 and the chimeric fiber 
Av9LacZ4 vectors are shown schematically in Figure 1. The 
Adenovirus 3 fiber head region introduces additional Dral 
and Seal restriction enzyme sites within the AvlLacZ4 
genome which were used to identify the recombinant virus. 
Plaques which yielded the predicted Dral and Seal 
diagnostic fragments as indicated in Figure 1A were 
selected and expanded. Genomic DNA isolated from the 
purified chimeric fiber, Av9LacZ4 and the parental, 
AvlLacZ4 viruses was analyzed by restriction enzyme 
digestion and agarose gel electrophoresis (Figure IB) . The 
expected DNA fragments were obtained for both the Av9LacZ4 
and wild type, AvlLacZ4 viruses. Diagnostic .18.4 and 3.2 kb 
fragments were found after Seal digestion of the Av9LacZ4 
genomic DNA (Figure IB, lane 4) indicating the presence of 
the Adenovirus 3 fiber head domain. Dral restriction 
endonuclease digestion of Av9LacZ4 also confirmed the 
presence of the Adenovirus 3 fiber head domain as indicated 
by the 8.0 and 2.8 kb diagnostic fragments (Figure IB, lane 
5) . EcoRT and BamHI digestion produced an identical 
restriction pattern for both vectors as expected (Figure 
IB, lanes 3 and 6} . Southern blot analysis using the 
Adenovirus 3 fiber head probe demonstrated the expected 
hybridization pattern for all restriction endonuclease 
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„, SM , „d tl». 8.0 .nd 2.« 1* »° 

detected (Figure IC. W I ^ ^ 

th e ***** , 1 ^^'Vridi^ion pattern rot 
de^netreted the e»pe cted » MfUcM 

»«» — C ° ntl ™1 r r of .in- 
vitee pr.per.tion wee Jr.. of P««W ' ^^n, 

tb. ehi~rl» frber. " pt a(1 . n o»it.l cpeid wee 

. chimeric 5«3« fiber prot.rn ln« the .dene 

stocks. An equivalent nun» subiec ted to 4/15% 

and chimeric (Av9LacZ4> parties ™ rontro i virus 

riber whom! «*»*. «-» ™ ^ 

r .^uir^u- • — — 

(Figure 2B) . The 4D2 a a ' f the 

epitope located within the S-teminal tail d 

fibe r protein (Hong, et al . , S^J^, f (5K) and 

47 " r 95) iLr d 3 P^i- Benson, 1H.I. - 

the Adenovirus 3 (W» «*• P and Av9LacZ4 

shown in Figure 2A, th. * vlLa « approximately 62 

(lane 2) viruses contain ibex proteins PP ^ 

« vna which react with the 402-5 antiwuy 
to 63 KDa wmcn fiber protein of 

•» «<har virus contains a x«w* *"- w 
Adenovirus 3 fiber virus presence of 

chimeric rirar w*» ^ - the adenovirus 3 

a ^ P^SSS: «* not bind 
fib er. ^ ^V,^ 1 ^protein in AvlLacZ4 and was 
to the Adenovirus 5 fiber pro Drote in in the 

for the 35 kDa, Adenovirus 3 fiber protein 
specific for the" <_ Adenovirus 3 

control virus (Figure 2B, lane oj 
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fiber head domain contained within the chimeric 5TS3H fiber 
protein in Av9LacZ4 (Figure 2B, lane S) . 

The biological titers and particle numbers of the 
chimeric fiber (Av9Lac24) and parental (AvlLacZ4) 
adenoviruses were compared. Biological titers determined 
using 293 cell monolayers indicated plaque forming titers 
of 2.6 and 4.5 x 10"' pfu/ml for the AvlLacZ4 and Av9LacZ4 
viral preparations , respectively. The total particle 
concentrations were determined spectrophotometrically and 
were 1.45 and 1.25 xlO K particles/ml for AvlLac24 and 
Av9Lac24, respectively. Thus, the ratio of particle number 
to pfu titer was similar for both viruses, 55.8 versus 27.8 
total particles/pfu, respectively. An increased ratio of 
particle number to infectious titer has previously been 
reported for Adenovirus 3 compared to Adenovirus 2 (Defer, 
et al.i J. Virol. , Vol. 64, pgs. 3661-3673 (1990)); 
however, the replacement of the Adenovirus 5 fiber head 
domain with the Adenovirus 3 fiber head domain did .not 
adversely affect the cellular production of the adenovirus 
containing the chimeric fiber protein or significantly 
change the ratio of total physical to infectious particles. 

Receptor binding specificity of the modified fiber 
adenovirus* To evaluate the receptor binding properties of 
the chimeric fiber vector compared to the native Adenovirus 
5 fiber vector, transduction experiments were carried out 
in the presence of recombinant fiber protein competitors. 
Cells were preincubated with purified Adenovirus 5 fiber 
protein or with an insect cell lysate containing the 
Adenovirus 3 fiber protein prior to transduction with the 
chimeric fiber or native Adenovirus 5 fiber vector. Figure 
3 shows the results of transduction experiments in which 
HeLa cells were incubated with increasing amounts of 
Adenovirus 5 fiber protein (Figure 3A) or with the 
Adenovirus 3 fiber competitor (Figure 3B) prior to 
transduction with the Av9LacZ4 or AvlLacZ4 vectors. 
Transduction of HeLa cells with AvlLacZ4 decreased with 
increasing amounts of Adenovirus 5 fiber trimer protein, 
with maximal competition occurring between 0.1 to 1.0 
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u g/ml. in contrast, the purified Adenovirus 5 fiber trimer 
did not block the transduction of the Av9LacZ4 chimeric 
fiber adenovirus. These results confirm that the wild 
type, AvlLacM and Av9LacZ4 chimeric fiber vectors bind to 
different cell surface receptors. This conclusion was 
supported by the reciprocal experiment shown in Figure 3B. 

increasing concentrations of the Adenovirus 3 fiber 
competitor decreased the Av9LacZ4 transduction of HeLa 
cells but did not influence transduction with the wild 
type, AV1LSCZ4 vector. The competition between the 
Adenovirus 3 fiber competitor and Av9LacZ4 was specific 
since control experiments carried out with insect ce,l 
lysates which did not contain the Adenovirus 3 fiber 
protein did not result in competition (data not shown) 
These results indicate that transduction of HeLa "lis by 
Av9LacZ4 is mediated oy the chimeric fiber protein which 
interacts with the Adenovirus 3 receptor Thus, the 
modification of the Adenovirus 5 fiber head domain has 
resulted in a change in receptor trcpism of an adenoviral 

^^Transduction of human cell Unas by the chimaric 
fiber vector. Because the identity of the Adenovirus 5 and 
Adenovirus 3 receptors is unknown, there is relatively 
little information available concerning their celluar 
distribution. It was hypothesized that differential 
expression of the Adenovirus 5 and Adenovirus 3 receptors 
cn different human cells might be reflected in the 
differential transduction by the parental, AviLacZ, and 
chimeric fiber, Av9LacZ4 vectors. The ^ansduction 
properties of a number of human cell lines by the two 
vectors was investigated. Several cell lines were included 
which had been identified as negative for Adenovirus 5 
fiber adenovirus receptor binding (Haung, et 
Virol., Vol. 70, P gs. 4502-4508 (1996); Stevenson, 1995) 
IndTor refractory to AvlLacZ4 infection (unpublished data) . 
Cells were infected with the chimeric fiber, Av9LacZ4 or 
the wild type, AvlLacZ4 adenovirus at particle per cell 
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ratios of 0, 10, 100, and 1000 in a total volume of 0.2 ml 
of culture medium. 24 hours later the cells were stained 
with X-gal as hereinabove described. Shown in Figure 4 are 
representative photographs of the AvlLac24 and Av9LacZ4 
transduction of HeLa cells (Fig. 4A and 4BJ . MRC-5, a human 
embryonic lung fibroblast cell line (Fig. 4C and 4D), and 
FaDu, a human squamous cell carcinoma line (Fig. 4E and 
4F) monolayers at the 1000 virus particles per cell dose. 
Both vectors transduced HeLa cell monolayers with similar 
efficiencies. In contrast, differential transduction of 
the MRC-5 and FaDu cell lines was found. Both the MRC-5 
and FaDu cells were relatively refractory to AvlLac24 
transduction but were readily transduced with Av9LacZ4. 

The percent transduction of each cell line was 
quantitated and the fraction of HeLa, MRC-5, and FaDu cells 
transduced as a function of dose is shown in Figure 5. 
HeLa cells (Fig. 5A) were equally susceptible to 
transduction with both vectors indicating that both the 
Adenovirus 5 and Adenovirus 3 receptors are present on the 
cell surface. The MRC-5 (Fig. 5B) human embryonic lung 
cell line was efficiently transduced with the chimeric 
fiber, Av9LacZ4 vector. The percent transduction with 
Av9LacZ4 was dose dependent with approximately 80% 
transduction at the vector dose of 1000. Less efficient 
transduction of MRC-5 cells with AvlLacZ4 was observed 
suggesting that these cells either lack or express low 
levels of the Adenovirus 5 receptor. In contrast, the 
Adenovirus 3 receptor appears to be abundant on this cell 
type. The FaDu cell monolayers (Fig. 5C) were also 
transduced more efficiently with Av9LacZ4 with 75% of the 
cells transduced at the vector dose of 1000 compared to 
only 7% transduction achieved with AvlLacZ4 at the same 
vector dose. 

The transduction of a number of additional human cell 
lines were compared using AvlLac24 and Av9LacZ4. Figure 6 
summarizes data for each of the cell lines examined at the 
virus particle per cell ratios of 100 (Figure 6A) and 1000 
(Figure 6B) . The cell lines assessed in addition to the 
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DISCUSSION 

A major goal in gene therapy research is the 
development of vectors and delivery systems which can 
achieve efficient targeted in vivo gene transfer and 
expression. Vectors are needed which maximize the 
efficiency and selectivity of gene transfer to the 
appropriate cell type for expression of the therapeutic 
gene and which minimize gene transfer to other cells or 
sites in the body which could result in toxicity or 
unwanted side effects. Of the viral vectors under 
investigation for in vivo gene transfer applications, the 
adenovirus system has shown considerable promise and has 
undergone extensive evaluation in animal models as well as 
early clinical evaluation in lung disease and cancer. A 
key feature of adenovirus vectors is the efficiency of 
transduction and the resulting high levels of gene 
expression which can be achieved in vivo. This is derived 
from the ability to prepare high titer stocks of purified 
vector and from the remarkable efficiency of each of the 
steps in the adenoviral entry process leading to gene 
expression (Greber, et al., Cell , Vol. 75, pgs. 477-466 
(1993) ) . Attachment of adenovirus particles to the cell is 
mediated by a high affinity interaction between the fiber 
protein and the cellular receptor (Philipson, et al. J. 
Virol., Vol. 2, pgs. 1064-1075 (1968)). Following binding, 
virion entry into many cell types is facilitated by an 
interaction between RGD peptide sequences in the penton 
base and the a vb3 and a vb5 integrins which act as co- 
receptors (Wickham, et al., Cell , Vol. 73, pgs. 303-319 
(1993)). In the absence of the high affinity interaction 
of the fiber protein with its receptor, viral binding and 
transduction can still occur but with reduced efficiency. 
This fiber independent binding and transduction is believed 
to occur via a direct association between the penton base 
and cellular integrins (Haung, 1996) . As the first step in 
the cellular transduction process, the interaction between 
the fiber protein and the cell is an attractive and logical 
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confirmation of the fiber gene replacement in the vector. 
Western Blot analysis of purified vector particles using an 
antiserum specific for the Adenovirus 3 fiber verified the 
expression and assembly of the chimeric, 5TS3H fiber 
protein into functional adenoviral particles. The changed 
receptor specificity of the Av9LacZ4 chimeric fiber vector 
was confirmed by competition with recombinant fiber 
proteins which showed that transduction of 293 cells was 
effectively blocked by soluble Adenovirus 3 fiber but not 
by Adenovirus 5 fiber. This data confirms previous results 
obtained from binding experiments with recombinant fiber 
proteins and extends the analysis to intact adenovirus 
particles. Furthermore/ the changed receptor specificity 
of the Av9LacZ4 vector establishes experimentally that the 
tropism of adenovirus vectors can be altered by 
manipulating the head domain. 

The titer, yield, and ratio of physical to infectious 
particles of the fiber chimeric vector Av9Lac24 and the 
parental Adenovirus 5, AvlLac24 vector were similar, thus 
indicating that the fiber head exchange did not alter 
significantly the growth properties of the vector on 293 
cells. It has been reported that the infectivity of 
Adenovirus 3 is significantly less than that of Adenovirus 
5, with Adenovirus 3 having a particle to PFU ratio 
approximately 20 times that of Adenovirus 5 (Defer, 1990) . 

The similar infectivity of the Av9LacZ4 vector to the 
parental, AvlLacZ4 vector shows that the efficiency of 
entry of an Adenovirus 5 based vector via either the 
Adenovirus 5 or Adenovirus 3 receptor is similar. This 
suggests that the differences in the infectivity between 
Adenovirus 5 and Adenovirus 3 are not due to the use of a 
different receptor for binding and must reflect other 
differences between the two serotypes. The finding that 
the infectivity of the AvlLacZ4 and Av9LacZ4 vectors in 293 
cells is similar leads to the important conclusion that the 
binding specificity of adenovirus vectors can be completely 
changed without affecting adversely the subsequent steps in 
entry and disassembly of the vector particles leading to 
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The importance of the interaction between the fiber 
protein and the cellular fiber receptor for adenov.rus 
Infectivity is underscored by the fact that blockade of 

efficient inhibition of transduction (Figure 31. 
Furthermore, cells which lack or express low levels of the 
«llular fiber receptor are inefficiently transduced and 
high levels of input vector are needed to achieve gen. 
transfer (Haung, 1996)- Recent clinical experience with 
irn viral vectors in the treatment of cystic fibrosis «n, 
Lease has revealed a previously unsuspected 
Tuman airway cells to transduction by Adenovirus 5 based 
vectors (Grub, et al., Nature, Vol. 371, pgs. 802-90 
,1994); zabner, et al. J^irol,, Vol. 70, pgs. 6994-7003 
1x996, !• " has been proposed that patterns of expression 
of both the a v integrins and the fiber attachment receptors 
W be involved in limiting transduction of human airway an 
Jrro (Goldman, et al., J, Virol,, Vol. 69, pgs. 5951-5 58 
U995), Zabner, 1996). Evidence for a correlation between 
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the level of a v integrin expression on human pulmonary 
epithelial cells and the efficiency of adenoviral vector 
transduction supports this hypothesis (Goldman, 1995) . 

The distribution of the Adenovirus 5 fiber attachment 
receptor on primary human cells is poorly characterized, 
largely due to the fact that its identity is unknown; 
however, it is increasingly clear that many human cell 
lines and a number of primary cells are refractory to 
transduction by Adenovirus 5 based vectors due to low 
levels or absence of the Adenovirus 5 fiber receptor. As 
noted previously, the Adenovirus 3 fiber receptor, while 
also as yet unknown, is clearly distinct from the 
Adenovirus 5 fiber receptor. Consequently, if differences 
in the pattern of expression of the two receptors exist, 
this should be reflected in a differential transduction 
efficiency by vectors which attach to either the Adenovirus 
5 or Adenovirus 3 fiber receptors. In support of this 
hypothesis, several human cell lines have been identified, 
which were inefficiently transduced by the Adenovirus 5 
vector, AvlLacZ4 and which could be transduced more 
efficiently by the chimeric fiber, Av9LacZ4 vector. These 
include a human head and neck tumor line FaDu, a human lung 
epithelial cell line MRC-5, and a human monocytic cell line 
THP-1. Transduction of HeLa cells and human umbilical vein 
endothelial cells (HUVEC) was equally efficient with both 
vectors. In contrast, human coronary artery endothelial 
cells (HCAEC) were more efficiently transduced by the 
AvlLacZ4 than by Av9LacZ4. Because the only difference 
between the two vectors is the identity of the fiber head 
domain, the differences observed in transduction are fiber 
dependent and must be a result of the differential 
expression of the two fiber receptors. The overlapping but 
distinct cellular distribution of the fiber receptors for 
Adenovirus 5 and Adenovirus 3 which is revealed by these 
results will likely be of practical value in designing 
vectors for transduction of specific human target cells. 
For example, the results obtained with the THP-1 cell line 
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Tran sduction o f lung carcinoma cell line s 
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The A549 lung carcinoma (ATCC No. CCL-185), H23 lung 
adenocarcinoma (ATCC No. CRL-5800), H356 lung 
bronchiolaiveolar carcinoma iATCC No. CRL-5807;, K441 iung 
papillary acenocarcincma (ATCG No. HT3-174), and H460 i-jng 
large cell carcinoma cell lines {ATCC No. HT3-177) were 
transduced with AvlLac24 or Av9Lac24 at 100 or 1,000 
particles per cell according to the procedure of Example 1. 
Transduction data are given in Table I below. 

Table I 





Av9Lac24 


Avl 


Lac24 


Cell Line 


particles/cell 


particles/cell 












100 


1,000 


100 


1,000 


A549 


44 


4+44 


-/4 


444 


H23 


++ + 


+44 


444 


444 


H359 


444 


4444 




44 


H441 


44 


+++4 


~/4 


-/ + 


H460 


444 


+++4 


44 


4 44 



-/4 0-2 5S transduction 
44 25-50* transduction 
+4.4. 50-75* transduction 
444 4 75-iOOV, transduction 



The above data suggests that an adenoviral vector 
having a head portion from an Adenovirus 3 fiber can be 
employed for the transduction of lung carcinoma celis, and 
for the treatment of lung cancer. 



Example 3 

Transduction of lymphoma and leukemia cells 
US37 human histiocytic lymphoma cells {ATCC CRL-1593) 
were transduced with AviLac24 or Av9Lac24 at 100 or 1,000 
particles/ceil as described hereinabove in Example 1. Each 
experiment was carried out ir. triplicate, and the mean 
percentage of transduced cells was determined. No 
transduction was observed of U937 cells contacted with 
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KG1 human bone marrow, acute 
In another experiment, « h^n transduced 

myelogenous leukemia cells CATCC CCL 1 ^ 
L^e 1 ' Tr—o; data are given in Table « below. 



Table III 



JMOI) 
5 
10 
100 
500 
1,000 



Av9LacZ4 

+♦ 

+++ 
N/A 
+++ 
N/A 



AvlLacZ4 



(MOD 



5 

10 
100 
500 
1,000 



-/+ 
-/+ 
-/+ 
N/A 
-/+ 



-/+ 0-25% transduction 



-50- 



WO 98/50053 



PCT/USM/08570 



+♦ 25-50% transduction 
+++ 50-75% transduction 
+♦♦+ 75-100% transduction 

The results of the experiments in this example 
suggest that an adenoviral vector having a head portion of 
the fiber of Adenovirus 3 may be employed in the treatment 
of leukemias or lymphomas* 

Example 4 

Transduction of human smooth muscle cells 
HISM human intestinal jejunum smooth muscle cells 
(ATCC CRL-1692) were transduced with AvlLac24 or Av9LacZ4 
at 10, 100, or 1,000 particles/cell according to the 
procedure of Example 1. Each experiment was carried out in 
triplicate, and the percentages of transduced cells (mean 
standard deviation) are given in Table IV below. 



Table IV 



Particles/cell 


Av9LacZ4 


AvlLacZ4 


10 


13.S+/-1.8 


0.1+/-0.1 


100 


74.3+/-2.7 


0.5+/-Q.5 1 


1,000 


99.0+/-3.8 


7.0+/-0.8 | 



The above results suggest that an adenovirus having a 
head portion of the fiber of Adenovirus 3 may be employed 
in the transduction of smooth muscle cells, such as smooth 
muscle cells of the digestive system or of the vasculature, 
and thus such adenoviruses may be useful in the treatment 
of a variety of disorders, such as the treatment of 
restenosis or of vascular lesions. 

Example 5 

Transduction of human aortic smooth muscle cells 
Human aortic smooth muscle cells (Clonetics) were 
transduced with AvlLacZ4 or Av9LacZ4 at 10, 100, or 1,000 
particles/cell according to the procedure of Example 1. 
Each experiment was carried out in triplicate, and the 
percentages of transduced cells (mean standard 
deviation) are given in Table V below. 

Table V 
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TT72 +/- 3.3 
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data shovm in Figure 8 suggest that, because similar 
percentages of transduction of pig aortic smooth muscle 
cells are achieved with AvlLacZ4 and Av9LacZ4, that the pig 
may be an acceptable animal model for studying the 
treatment of vascular disorders such as, for example, 
restenosis, by administration of an adenoviral vector 
having the head portion of the fiber of Adenovirus 3 and a 
therapeutic transgene. 



Example 8 

The adenoviral vectors AvlLacZ4 and Av9LacZ4 were 
prepared as hereinabove described in Example 1. Biological 
and spectrophotometric titers were determined as described 
in Mittereder, 1996 

Biological titers determined with 293 cell monolayers 
indicated plaque forming titers of 2.6x10"' and 4.5xlO w 
pfu/ml for AvlLacZ4 and Av9LacZ, respectively. The total 
particle concentrations were determined 

spectrophotometrically and were 1.45xl0 12 and 1.25x10" 
particles/ml for AvlLacZ and Av9LacZ, resulting in ratios 
of total particle number to pfu of 55.8 and 27.8, 
respectively. 

Cell — Culture. The transduction efficiency of 
Av9LacZ4 and AvlLacZ4 was surveyed with a panel of human 
head and neck squamous cell carcinoma lines. FaDu (human 
pharynx squamous carcinoma: ATCC HTB 43), Hep-2 (human 
epidermoid larynx carcinoma, ATCC CCL-23) SCC4 (human 
tongue squamous cell carcinoma, ATCC CRL-1624), SCC9 (human 
tongue squamous cell carcinoma, ATCC CRL-1629), SCC15 
(human tongue squamous cell carcinoma, ATCC CRL-1623), and 
SCC25 (human tongue squamous cell carcinoma, ATCC CRL-1628) 
were obtained from the American Type Culture Collection and 
cultured in the recommended medium. JSQ-3 cells were 
derived from a human nasal vestibule carcinoma and were 
obtained from Dr. Esther Chang, Georgetown University 
Medical Center. JSQ-3 cells were cultured in the 
recommended medium. 
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with the chimeric fiber, Av9LacZ4 or with AvlLacZ4 
adenovirus at particles per cell ratios from 0 up to 10,000 
in a total volume of 0.2 ml of culture medium. Twenty four 
hours after infection, the cells were stained with X-Gal as 
described hereinabove. Figure 9 shows representative 
photographs of the AvlLacZ4 and Av9LacZ4 transduction of 
JSQ-3 (Fig. 9A and 9fl), a human head and neck line derived 
from the nasal vestibule; Hep-2 (Fig. 9C and 9D), a human 
epidermoid larynx carcinoma; and SCC9 (Fig. 9E and 9F, a 
human tongue squamous cell carcinoma line) monolayers at a 
dose of 1000 virus particles per cell. Differential 
transduction of all three cell lines was found. JSQ-3, 
Hep-2, and SCC9 were relatively refractory to transduction 
with AvlLacZ4 at this virus dose but were efficiently 
transduced with Av9LacZ4. 

The percentage of transduction of each of the three 
cell lines was quantified for each virus dose from 0 up to 
10,000 virus particles per cell. The fraction of JSQ-3, 
Hep-2, and SCC9 cells transduced as a function of viral 
dose is shown in Figure 10. The JSQ-3, human nasal 
carcinoma cells (Fig. 10A) were transduced efficiently with 
the chimeric fiber Av9LacZ4 vector in a dose dependent 
manner with approximately 62.4 ± 25.3 (mean ± sd) percent 
transduction achieved at the vector dose of 1000 particles 
per cell, in contrast, less efficient transduction of JSQ- 
3 cells was found with AvlLacZ4 with only 14.6 ± 6.5 
percent transduction found at a similar vector dose of 1000 
particles/cell. To achieve a similar level of transduction 
compared with Av9LacZ4, approximately 10 fold more AvlLacZ4 
virus, 10,000 particles/cell had to be used. At the higher 
vector doses of 10,000 particles per cell noticeable 
cellular toxicity was observed as demonstrated by cell 
loss. The Hep-2, human epidermoid larynx carcinoma cell 
line (Fig. 10B) was transduced efficiently with the 
chimeric fiber Av9LacZ4 vector. The percentage of 
transduction was dose dependent with 93% ± 2.3 transduction 
achieved at the vector dose of 1000. Less efficient 
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ierynx. nsMl vl , Adenovirus 3 receptor 

trensduced acre efficiently transduces 
tt „ .1. tn. Menovl- J^ut-tt,— 
such cells approximately 4 to time 

AvlLacZ4. number of other human 

head and neck squamous. t „ QTaeZ 4 Figure H 

investigated using ^J^^^* the 
seizes data for — * cell lines 

virus particle/cell ratio o 100 oma line3 , 

US ed included other ^ from t he tongue. 
SCC4, SCC15 and SCC25, ^ or AvlLacZ4 ade „ovirus 

ceils were infected 10Q0 ^ 24 hours later 

vectors at a particle ce 11 ° The 

were stained with X-gal as do8e was 

fraction of transduced cells at uu 

. • -His analysis demonstrated that a-u. 
determined. This ^ analy differentially by the 

cell lines examined were trans fiber - C ontaining 
A v.LacZ4 chimeric fiber and the wild type^ 
AvlLacZ4 vectors. FaDu, JSQ-3, with the 

ro-usTleUor - - .undent than the Adenovirus 

5 receptor on these cell types. 

Discussion 
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These results demonstrate that an adenovirus vector 
targeted to the Adenovirus 3 receptor, Av9LacZ4, was more 
efficient at gene transfer into human squamous cell 
carcinoma cell lines than the parental vector, AvlLacZ4, 
which interacts with the Adenovirus S receptor. The 
percentage of cells transduced with Av9LacZ4 was dose 
dependent and approximately 4 to 6 fold higher than with 
AvlLacZ4. Further, Av9 was able to transduce efficiently 
cells derived from different origins of the head and neck 
and suggests that this vector will be useful for 
transferring genes into different locations within the head 
and neck for the development of novel gene therapy 
strategies for the treatment of head and neck squamous cell 
carcinoma . 

The disclosures of all patents, publications 
(including published patent applications), database 
accession numbers, and depository accession numbers 
referenced in this specification are specifically 
incorporated herein by reference in their entirety to the 
same extent as if each such individual patent, publication, 
database accession number, and depository accession number 
were specifically and individually indicated to be 
incorporated by reference. 

It is to be understood, however, that the scope of 
the present invention is not to be limited to the specific 
embodiments described above. The invention may be 
practiced other than as particularly described and still be 
within the scope of the accompanying claims. 
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Z CZ T1*L of transferring at least one W* 

sequence into cells, comprising; 

transducing said cells with a modified 
tra * at least one UNA sequence, 

adenovirus including said at leas^ ^ ^ ^ ^ 

wherein said adenovirus, prior to adenoviru8 , at 

£irst serotype. a* I—. adenovirus of said 

least a is replaced Mith at least a 

fi rst serotype ^ ^ o£ & ^ s , 

portion of the ^fibe of recept0 r which binds to 

and wherexn said cells in adenovirus of 

2 . The .etlKxl or portion, and > 

-7;^ r;"ucno ( *. r.. ^ - 

Mil portion, and at uaat a po ..rotyp. 1» 

t». ficar o£ aaid °« »' - of u» h..d 

— - ST « ? ai, - — — 

portion of the tioez 

serotype . 

of Claim 1 wherein said adenovirus of 

3 . The B ethod of Clai» ^ a serQtype within 

said first serotype ^ 8 gaid second sero type is 

subg enus C, and sal ^ a gubgenus selected from 
an adenovirus of a serotype 

^e group consisting of Subgenera A, B, D, E, an 

v .*W of Claim 3 wherein said adenovirus of 

4. The method of Claim ser otype within 
said second serotype is an adenovirus of a 

Subgenus B. 

of Claim 4 wherein said adenovirus of 

5 . The method of Claim aden0 virus of 
said first serotype is Adenovirus 5 and said 

said second serotype is Adenovirus 3. 



-58- 



WO 98/50053 PCT/US98AWS70 



6. The method of Claim 1 wherein said cells are 
selected from the group consisting of lung cells, 
hematopoietic cells, lymphoma cells, leukemia cells, smooth 
muscle cells, and tumor cells . 

7. The method of Claim 1 wherein said cells are 
transduced with said modified adenovirus in vivo. 

8. The method of Claim 6 wherein said cells are 
lung cells. 

9. The method of Claim 6 wherein said cells are 
hematopoietic cells* 



10. The method of Claim 6 wherein said cells are 
tumor cells. 

11. The method of Claim 10 wherein said tumor cells 
are head and neck cancer cells. 

12.. The method of Claim 10 wherein said tumor cells 
are neuroblastoma cells. 



13. The method of Claim 6 wherein said cells are 
lymphoma cells. 



14. The method of Claim 6 wherein said cells are 
leukemia cells. 

15. The method of Claim. 6. wherein said cells are 
smooth muscle cells. 

16. A method of transferring at least one DNA 
sequence into cells, comprising: ' 

transducing said cells with a modified 

adenovirus including saiti at least one WA sequence, 

wherein said adenovirus, prior to modification, is of fhe 
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ein in the modified 

Adenovirus 5 serotype, and w er , Adenovirus 5 

,d.nov»u.. th. h«d POr«o. »< «• o£ ^ (lb . t 

" — •™ , 3 r trl^ "ti: ^ a r.«pt.r 
of Monoviru. 3. wo wheI "° th . (iber of M.no.ini» 

„hic» bind, to th. h..d 0O'"o» of 'h« 'i ^ 

into said cells is 

edified adenovirus to said cellS . leMt one DNA 

17 . A nidified adenovirus inciudin, ^ ^ 

T "prfor rSSliT * - - Adenovirus 5 
adenovirus, prior to »o rtnovinM. th. h..o 

..rotvp.. ^~r \T^L^ » " — "I 
Adenovirus 3- . . „, 

pol^cuotl* into C.U.. co^ruin,: tI „„. r 

vohici. oth.r th» » .« polynucl^tid., and 

..hid. ^"''"'^'ZcU inciud.. « i.«t • 

""tnT^r.* . adenoviru. .« • ap- 
portion ol th. f»»r neww "hioh 

oorotyp.. . Port- - th. floor of ..id 

binds to said at least a p ther eby transfer of 

adenovirus of a drt- ^ J id cells is 

said at least ^^^"Lsfer vehicle to 
effected th*^h jading of saia ge 



t^tf) of Ci-U » -id £ 

portion «5J?^re5 

serotype.^ wherein sai d gene 

Adenovirus 3. £^ J* 
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22. A gene transfer vehicle other than an adenovirus 
which includes at least a portion of the fiber of an 
adenovirus of a desired serotype. 

23. The gene tranfer vehicle of Claim 22 wherein 
said gene transfer vehicle includes the head portion of the 
fiber of Adenovirus 3. 

24. An adenovirus of the Adenovirus 3 serotype 
including at least one heterologous DNA sequence. 

25. A composition, comprising: 

the adenovirus of claim 24; and a 
pharraceutically acceptable carrier. 

26. A method of transferring at least one 
heterologous DNA sequence into cells, comprising: 

transducing said cells with the adenovirus of 
Claim 24, and wherein said cells include a receptor which 
binds to the fiber of Adenovirus 3, and whereby transfer of 
said at least one heterologous DNA sequence is effected 
through binding of said adenovirus to said cells. 

27. A method of transferring at least one 
polynucleotide into cells, comprising: 

contacting said cells with a gene transfer 
vehicle including said at least one polynucleotide, wherein 
said gene transfer vehicle includes at least a portion of 
the fiber of Adenovirus 3, and wherein said cells include a 
receptor which binds to at least a portion of the fiber of 
Adenovirus 3, and whereby transfer of said at least one 
polynucleotide into cells is effected through binding of 
said gene transfer vehicle to said cells. 



THIS PAGE BUNK (us™ 



( 




WO 98/50033 



1 / 13 



PCT/US98/W570 



FIG. I A 



B pi B D 
Ty* 5 ' 1 1 



D 0 

1 ■ 



B 0 

» i 



10.8 kb 
-E3 



D 



E IE 



AvlLacZ4 



SP 



S 



ill 
S SS 



—r 
S 



21.7kb. 



8.0kb 2.8kb 

ElB SSS S E S 

18.4W> 3.2kb 



Fl G.I B 



Fl G. IC 



AvlLacZ4 Av9LacZ4 AvlLacZ4 Av9LacZ4 



23.1kb 
9.4 
6.6 
4.4 

2.3 
2.0 

1 .3 
1.0 



w O vrf 




18.4kb 

—8.0 
—6.6 

—3.2 
^2.8 



SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BUNK(uspto) 




PCT/US 98/08570 

2 / 13 



F I G. 2 A 



200kDa — 



I 2 3 




Fl G. 2B 



200kDa — 

116 — 
97" 

66 — 
45" 

31 — 
21 — 



4 5 6 



SUBSTITUTE SHEET (RULE 26) 



WIS PAGE BLANK ius™, 




WO 98/50053 



3 / 13 



PCM1S98/08570 



F I G. 3A 





SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BLANK (usptoi 




PCT/US9 8/08570 



4 / 13 

Av1LacZ4 




Fl G.4A 




E . 



FIG.4E 



SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BUNK (uspto) 




WO 98/50053 



5 / 13 



PCT/US9&O8570 






Fl G.4F 



SUBSTITUTE SHEET (RULE 28) 



miS PAGE BUNK 




WO 98/50053 



PCT/US98/D8570 

6 / 13 



§ 


100 -j 










4J 




o~ 


80- 










g +l 


60- 






u c 




$ 


40- 


£ e 




c 




<D 


20- 


O 


M 




<0 




04 


0-- 



A. HeLa 




Fl G.5A 



100 1000 
Particles/Cell 



B. MRC-5 




Fl G.5B 



10 ipO 
Particles /Cell 



1000 



too-, 



C. FaDu 




Fl G. C 



1000 



Particles/Cell 

SUBSTITUTE SHEET (RULE 281 



THIS PAGE BLANK (uspto> 




WO 98/50053 




PCT7US98/08570 

7 / 13 



CO 
I 



O 
3 
*3 

CO 

c 

ft 

c 

0) 

u 

M 



100 



100 Particles/Cell 



c 

«J 80 
£ 

c 60H 
o 



40- 



20- 



0-- 




HeLa HDP 



'paDu THP-l' 



MRC-S 



F I G. 6A 




4 



i 



HUVEC 



n — I 

HCAEC 



Human Cell Line 



•o 1000 Particles/Cell 



-1 1 00-, 




Human Cell Line 

SUBSTITUTE SHEET (RULE 28) 



THIS PAGE BLANK (uspto) 




WO 9*50053 



8 / 13 



PCT/US9MM370 




SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BLANK (uspto) 





Percent Transduction (mean +/-sd) 



SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BUNK (uspto) 




WO 98/50053 



PCT/US9S/08570 



10 / 13 



V 



»■ • 



C"- - ' 4 > •«* " M • <«.••• 

* ■', * *. r > ~ * #■ : • vm. • v *k 




Fl G.9A 



F1G.9C 



0 -A 



'7 >'* 



FIG.9E 



SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BLANK (uspto) 






SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BLHWK <«.»*'»> 




WO 98/50053 



PCI7US98/0857O 



12 / 13 



w 

+1 

c 
m 

6 



C 

o 

■H 
4J 

o 

3 
(0 

c 
id 
n 



C 
0 
O 



120 -i 

JA. HEp2 



100 - ^ 



80 - 
60 - 
40 - 
20 




Fl G.IOA 



T 
0 



20oo A< ™> eooof^ioooo' 2000 
Particles/Cell 



120 
100 - 
80 - 
60 - 
40 
20 - 
0 - 



B. JSQ-3 




F I G.IOB 



7 so'oo 



120 

100 
80 - 
60 - 

40 - 

20 - 



0 - 



15 4obo 

2000 6000 
Particles/Cell 

C. scc9 



1 1 2 boo 

10000 




FIG. IOC 



I i i r 1 1 1 

o ^4000 aooo 12000 

2000 6000 10000 

Particles/Cell 

SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BLANK (uspto) 




WO 98/50053 




PCI7US98/08570 

13 / 13 



FIG. II 




SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BLANK (usno* 



t- ^ Q 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





THIS PAGE BLANK (usptoi 



